Background: There has been no definitive consensus regarding the causal relationships between foreign bodies in the breast and carcinogenesis. This report describes the first case of invasive micropapillary carcinomas after augmentation mammoplasty. Multiple tumors located in immediate contact with the siliconomas suggested a causal link between the siliconomas and carcinomas.
Background
Although breast cancer after augmentation mammoplasty has been reported and the causal relationships between foreign bodies in the breast and carcinogenesis have been reviewed, so far no definitive consensus opinion has been obtained [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . This report describes a unique case of multiple invasive micropapillary carcinomas (IMPCs) of the breast arising 42 years after augmentation mammoplasty by the injection of liquid silicone. No cases of IMPC after augmentation mammoplasty have ever been reported. In this case, the multiple tumors were located in immediate contact with the siliconomas, thus suggesting a link between the siliconomas and the carcinomas.
Case presentation
A 64-year-old woman underwent liquid silicone injections for augmentation mammoplasty 42 years previously. Eight years prior to admission, siliconomas were removed due to discomfort. She visited a hospital with the chief complaint of a painful mass in her left breast. The mass was resected and a histopathological examination revealed the tumor to be an invasive micropapillary carcinoma. The surgical margin was positive for malignant cells and she visited the hospital for further treatment. She was a healthy-looking woman. The left breast was craggy and it came in contact with the axilla, which thus made it difficult to palpate the tumors. No breast tumor was palpable on the other side. The laboratory parameters did not show any abnormalities and there was no evidence of distant metastasis. She was not on any medication. She had never taken oral contraceptives nor received hormonal therapy. She had experienced three pregnancies and delivered once. Her family history revealed no malignancies.
A subsequent dynamic magnetic resonance imaging (MRI) examination with Gadolinium (Gd)-DTPA enhancement demonstrated the four tumor shadows with similar enhancement at distant portions. Because it was unlikely that four malignant tumors existed at the same instant, they were thus considered to be coexistent malignant tumors and siliconomas. Ultrasonography revealed masses with an irregular shape and contour, extensive hypoechogenicity or shadowing. The tumors with a heterogeneous internal echo with a slight degree of Doppler signaling were considered to be malignant tumors; those with homogeneous internal hypoechogenicity with no Doppler signaling were considered to be siliconomas.
A left-sided mastectomy and complete axillary lymph node dissection was thus performed. The histopathological findings of the mastectomy specimen were as follows. The siliconomas were observed to be spread around the operational scar. Three tumors were identified, all in immediate contact with the siliconomas as indicated by ultrasonography (Figure 1a, b) , which measured 12 mm on the upper side of the breast, 3 mm on the lateral side and 20 mm on the subareolar area. A tumor measuring 9 mm in diameter was located on the medial side, but had no connection with the siliconomas (Figure 2) . In each tumor, neoplastic cell clusters floating within clear spaces defined by a network of loose fibrocollagenous stroma were recognized (Figure 3a) , and the tumors were diagnosed as IMPCs. Scirrhous carcinoma components were also seen in each tumor. The malignant cells of the three tumors had contact with collections of rounded vacuoles of varying sizes (Figure 3b ). Lipid droplets were contained in these vacuoles along with macrophages and foreignbody giant cells. In addition, lymphatic invasion was observed in all tumors and perineural invasion was seen for the medial tumor. The tumor in the subareolar area reached the fat tissues outside of the gland, the dermis and the larger muscle. Eleven of sixteen axillary lymph nodes showed tumor involvement. The histological grade, based on a modified Bloom Richardson scoring system, was intermediate. The scores for each parameter (tumor tubule formation, number of mitoses and nuclear pleomorphism) were 3, 1 and 2, respectively. Immunohistochemically, the tumors were estrogen receptor (ER) and progesterone receptor (PgR) positive and C-erbB-2 negative. Postoperatively, since the patient consistently refused to be treated with adjuvant systemic chemotherapy, radiotherapy was administered with 50Gy to the chest wall. Subsequently, endocrine therapy was administered using antiestrogens. Three years after the operation, no metastasis was recognized in any organ.
Discussion
An invasive micropapillary carcinoma (IMPC) was initially described by Siriaunkgul in 1993, but such a case is not frequently observed. IMPC is known for its poor clinical outcome, with massive lymph node metastasis and a) Ultrasonography of the left breast showing the siliconoma (white triangle) and the tumor (black triangle). b) Microscopic appearance of the siliconoma and the tumor correlated with the ultrasonographic image (hematoxylin-eosin stain, low-power field). extensive lymphatic invasion [12] [13] [14] . There is no clear explanation for the morphogenesis of this tumor or for how this particular morphology affects tumor behavior [15, 16] . It is thought to be very rare for multiple foci to occur together in this subtype of tumor. In this case, three tumors displayed foci grouping. IMPCs were identified in approximately 40% of the microscopic field, thus revealing a mainly scirrhous pattern. Multifocality or multicentricity in breast cancer is defined as the presence of two or more tumor foci within a single quadrant of the breast, or within different quadrants of the same breast, respectively [17] . Determining whether the tumors were multifocal or multicentric was problematical. Multifocal or multicentric breast cancer occurring after augmentation has not been reported. Since the tumors were located in another quadrant without ductal continuity, it is therefore highly unlikely that the metastases occurred through the duct. It is conceivable that the three tumors metastasized through the lymphatic system in the breast, although a tumor in the medial side was assumed to have metastasized through a perineural route. Considering that three tumors existed along with the siliconomas, it is very likely that one of the causes of the development of carcinoma was the siliconomas or silicone. A report showed that the concentration of silicone appeared to be much higher within the tumor than in the adjacent breast tissue [2] . In the present case, the most concentrated area, the subareolar, could be a primary site, and cancer cells within the lymph flow appear to have deviated from usual lymphatic drainage pathway due to siliconomas or inflammation, and then they might have spread to various other regions.
There has been considerable speculation concerning the safety of breast augmentation, particularly regarding whether the use of silicone prostheses or silicone is associated with an increased risk of carcinoma and/or autoimmune disorders and few studies indicate that those who have undergone mammoplasty are at increased risk of developing breast cancer. However, in Europe and the United States, the practice of breast augmentation by the injection of liquid silicone has been stopped since the early 1970s and augmentation using bag prostheses now make up the majority of the augmented population. Epidemiological research addressing gel injections has not yet been performed. Therefore, the proper status of women augmented by silicone injection may still not be known. In Japan, the practice of breast augmentation by injection of liquid silicone was used from 1955 to 1965, and frequent reports of its complications result in the abandonment of this procedure in favor of bag prostheses. Furthermore, augmentation for cosmetic purpose in Japan is not covered by the health insurance system: therefore, there is insufficient medical data on this patient population. However, women who underwent cosmetic augmentation by silicone injection in the past, did later show an increased incidence of breast cancer. Among 63 Japanese patients, mammoplasty had been performed by injection in 41 cases and by implants in 9 cases as far as we could ascertain. The period from augmentation mammoplasty to the diagnosis of breast cancer ranged from 4 months-50 years. In particular, the patient who had previously undergone liquid silicone injections was diagnosed to have breast cancer more than 20 years after augmentation. The dominant histopathological classification was invasive ductal carcinoma, two cases were ductal carcinoma in situ, one case was medullary carcinoma and one case was inflammatory carcinoma.
When breast implants first appeared on the market in 1962, it was assumed that they were biologically inert and posed no medical risk. However, many reports have indicated a high prevalence of connective tissue disorders and cancer among implant patients. In contrast, no evidence has firmly established the long-term safety of breast implants. Accordingly, the United States Food and Drug Administration restricted the use of silicone breast implants to women seeking breast reconstruction in controlled clinical trials. Likewise, the United States Congress directed the National Institutes of Health to conduct a large follow-up study to evaluate the long-term health effects of the implant. No associations were identified between breast implants and cancer, immunological diseases, neurological problems, or other systemic diseases. Furthermore, breast cancer risk was not higher for any type of implant compared to another (e.g., silicone gel implants, saline-filled implants, double lumen implants, and other implant varieties) [5] .
Results from the National Institutes of Health study are counterintuitive, in that many lines of evidence indicate that liquid silicone injections may pose health risks. First, the liquid silicone used for injection has been shown to occasionally contain additives which may have sometimes been of a non-medical grade. Second, the physiological response to liquid silicone may be different from that of vulcanized silicones, such as silicone gels [1] . Furthermore, Felix et al reported the tumorigenicity of silicone gels in the mouse plasmacytoma system [18] . They showed the possibility that low molecular weight silicone compounds, such as siloxanes, which are present as the result of incomplete polymerization in the preparation of silicone gels, leaking from the complex silicone gel matrix into the surrounding tissue, may be mutagenic and thus postulated that this mutagenicity may be a critical determinant of the plasmacytoma inducing potency of silicone gels. Studies on the stability of silicone gels in vivo have suggested that the polymeric structure of the gel deteriorates with age, thus resulting in the continuous release of low molecular weight siloxanes from the gel matrix. Extended exposure to liquid silicone may also have an unfavorable effect on mammary cells. The other linkage between mammoplasty and carcinogenesis could have been chronic inflammation. Chronic inflammation induced in tissues of other organs including the colon, stomach, esophagus, gallbladder, urinary bladder and lung can result in the formation of an adenocarcinoma [19] [20] [21] . Unfortunately, however, there is insufficient data suggesting a causal relationship between inflammation and carcinogenesis of the breast [22, 23] .
With respect to imaging modalities, mammography may not be a good screening tool in augmented women, because cancer in augmented women is significantly less likely to present as a mammographic abnormality in the absence of physical findings [3, 10, 24] . Mammography was impossible for our patient, due to small and contractural breasts. Ultrasonography with Color Doppler can be useful for distinguishing cancer from the siliconoma. In addition, MRI using dynamic Gd-DTPA enhancement was found to be useful for the diagnosis of breast cancer because of its high quality and resolution and made it possible to determine whether a lesion is malignant or not [3] , although it was not possible to diagnose all four lesions as cancer.
